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Experimental investigations on the effect of 
combinations of insecticides as larvicides are presented in 
this study. The insecticides used include DDT, Endrin, Aldrin 
the chlorinated hydrocarbon, Thimate an organophosphorus 
insecticide, pyrethmm extract, a plant derivative and 
piperonyl butoxide, widely used synergist. A special 
eraphasis is placed on evaluating the best combinations 
exhibiting synergism. Relative toxicities of the insecticides, 
acting alone and in combinations are compared and discussed. 



1 . INTRODUCTION 


It is estimated that filariasis, in India, is responsi- 
ble for a national loss of about Rs. 100 crores per year. About 
25 million people in India were estimated to be living in fila- 
rious areas during 1953 (1) . The forth plan envisages protective 
measures to over 12 million people in the urbon area. The eto- 
logical agents of filariasis are W. bancrofti and B. malayi , 
which are commonly known as filarial worms. The microfilariae 
that are in the blood of infected persons are picked up by 
mosquitoes, Culex - f atiqans . One of the major methods of 
controlling vector born diseases in envoirnmental sanitation 
is to eliminate the vectors. 

Many of the mosquitoes belonging to the genus culex, 
generally called culicines, are disease vectors while others 
require control because of the annoyance and disccmfort they 
cause. Extensive larvicidal treatments with single synthetic 
insecticide often brought about the development of resistance (2) . 
Culex - fatigans , the major transmitter of filariasis is genera- 
lly not as susceptible to DDT or other chlorinated insecticides 
as other insects. The dosages of these insecticides may have 
to be increased two to three times that is usually employed 
for satisfactory control of other mosquitoes (1) . 

The WHO expert committee on insecticides ( 1963) consider- 
ing the lines of future research emphatically recommended that 
information should be obtained on conditions in which DDT may 
still be used e'‘fectively against DDT resistant population (2) 
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1.1 Importance of insecticides used in combinations 

Inspite the large number of synthetic insecticides^ 
pyrethrum extract is still one of the best natural insecticides-? * 
However being a natural product it is expensive and not easily 
available. Pyrethrum extract is a mixture of pyrethrins and 
cinerins which are found in the flowers of Chrysanthemum 
c i ne re riae folium and Chrysanthemum cocci neum (3) . For a variety 
of reasons, the commercially available insecticidal forrnnxiactK- -- 
ions have more than one insecticide . Each compound contributes 
to the mixture, a desirable specific property. This is evident 
in the mixture of pyrethrum and DDT which contribute to a quick • 
paralytic action and strong lethal effect respectively (4) . 

A mixture is useful in controlling a mixed population' 
of insects because > one specie is very susceptible to one 
component, the other specie may be susceptible to second 
component . 

Indiscriminate wide use of certain insecticide has resu- 
lted in the development of resistance in insects to that insecti- 
cide. Hewlett and Placket (5) have proposed the us,e of mixtures 
of insecticides of independent action as a method that is less 
likely to induce resistance to individual pbisions, in insects. 

Exploiting the synergistic property by arriving at a 
mixture of compounds may permit more economical control of insects 
rather than by an individual insecticide alone. 
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Mixture of two or more compounds may reduce toxicity to 
hi.;]her animals with no reduction in toxicity to insects. For 
example ethyl-parathion has been marketed as a mixed formulation 
with methyl-pa rathi on for reducing the toxicity to higher ■:.h 
animals (6) . 

An investigation into the joint action of insecticides is, 
therefore felt to be, extremely important from the point of 
effective insect control and to prevent the development of 
resistance in insects. 

Numerous insecticidal formulations containing more than 
one active ingradient are at present used in practice in our 
countiry viz. Flit, Endrix — M, New-spray, Shell-Tox etc. However 
no systamatic work seems to have been attempeted on the effect 
of combination of chemicals with reference to larvicides . Selec- 
tion of the combinations appear to be purely emperical. A method- 
ical investigation, using some of the popular insecticides in 
conbinntions may yield valuable information in the control of 
Culex mosquitoes that are responsible for transmitting various 
contagious diseases. 

1.2 Aim 

To determine the relative toxicity of individual 
insecticide to culicine larvae. 

To evaluate the concentrations of insecticides in 
combination thr-t gives higher mortalities of culicine larvae. 
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To canpare various combinations of insecticides with 
respect to joint action yielding higher percentage of mortality 
of above larvae . 

1 .3 Scope 

In this study the work is centred around in finding a 
combination of commonly used insecticides yielding high morta- 
lity of cule'X mosquito larvae. Inseticides used in this study 
include chlorinated hydrocarbons / organophosphorus compoundy 
plant insecticide and an activator. 



2 . LITERATURE. REVIEW 


The use of pesticides in public health programmes and 
agriculture dates back to nearly 200 years . Insecticides from 
plant products were introduced in United States in the year . . 
-1858 C7) . ,A;' revolutionary change was brought in the control of 
communicable diseases with the introduction of organic insecti- 
cides like DDT and Dieldrin around 1930 (7) . 

2,1 Principle types of insecticides 

Chlorinated hydrocarbon insecticides are very popular 
in India because of their availability and low cost. There were 
nearly 500 insecticides available in more than 54000 formulations 
in United States alone by 1962 (8) . Some of the common chlorina- 
ted hydrocarbon insecticides are, DDT, BHC, Chlordane, Endrin, 
Aldrin etc- 

Due to indiscriminate use of chlorinated hydrocarbon 
insGcticides , specially DDT, the insects developed resistance 
to them (2) . Organo phosphorus insecticides of proven effective- 
ness substituted the chlorinated hydrocarbon insecticides. Some 
of the organophosphorus insecticides are, Diazion, Malathion, 
Thimate, Sumathion etc. 

Insecticides of c’arbamate group are developed recently 
and they are only in experimental stage in India. Sevin, an 
Union Carbide (9) product has gained popularity as it is very 
effective in controlling the agricultural pests. Other insecti- 
cides. from this group are, Pyrolon, Ferbam, Chloro IPC etc. 
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Pyrethrum^ a plant product, was introduced in United 
States in tho year 1858 (7) . Other plant product used as 
Insecticide is the rotenone. Out of these two, pyrethrum is 
very much pooular due to its quick paralytic action (4) . 

Being a natural product, it is expensive and may not be easily 
available . 

2 .2 Economic Importance 

Annual loss due to prevalence of disease, filariasis 
alone, is estimated to be Rs. lOO crores in India (l) . Before 
tho introduction of these potential insecticides in public 
health programmes every year 100 million people suffered from 
malaria, out of which one million people died costing the 
national loss about Rs . lOOO crores annualiy ( lO) - The proport- 
ionate case rate of malaria came down from 10.8% in 1953-54 to 
0.04% in 1967, showing a reduction of 99.T/o, The annual morbidity 
oi; 75 millions in 1952-53 is reduced to 0.28 million '.in 1967-''.: 
duorfco - int'-nsiv'e insect ' control programme , 

2.3 Development of resistance 

Definition oi resistance as given by WHO expert committee 
on the insecticides is ’’Resistance to insecticides is the deve- 
lopment of an ability in a strain of insects to tolerate doses 
of toxicants which will prove lethal to the majority of indivi- 
duals in a norr^al population of the same species" (11) . 

Barely a decade after the introduction of the potent 
synthetic inseccicides in public health programmes, the main 



technical problem is the development of resistance to them 
by the insects they formerly controlled. The first case of 
DDT resistance to housefly and culex mosquitoes was reported 
in- Italy in 1947 (12) . The WHO expert committee on insecticides 
in 1956 reported that there was clear evidence of resistance in 
20 insect species of oublic health importance (13) . In 1962, 
the number of species of public health importance for which 
there v^as sure evidence of resistance had increased to 81 
species (14) . 

The develofmient of resistance in Insects of the field 
is mainly to chlorinated hydrocarbons. If all the instances of 
resistance, including agricultural insects, are considered, it 
is found that over half involve resistance to DDT, and as much 
as five-sixths to some chlorinated hydroparbon (11) . "^here are 
tv\?o reasons given for this. Firstly, the insects showed varying 
• ol reaction to the chlorinated hydrocarbons and hence 

a wide nngt bf dosage levels would exert on the pupulation and 
make the insecticides 'resistance - prone'. The other factor 
which helps the development of resistance to these insecticides 
is their long residual activity. For this reason, Henderson (15) 
suggested that the insecticide choosen for malaria control 
should be one whose residue deteriorates rapidly at the end 
of transmission season. 

2.4 Cross-resistance 

In the literature it is indicated that the houseflies 
which have developed resistance to one of the chlorinated 
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hydrocarbon insecticides, such as DDT need not necessarily 
show resistance to other compounds from the same group like 
u.II-C-, dioldrin, and heptachlor. Brown reports that in 
general it is a rule that DDT resistant strains show no 
significant cross-resistance to gamma-BHC (ii) . in a review 
published in 1955, Kearns (16) stated that the 40 different 
resistant strains examined in his laboratoiry all fell into 
one of the following classes. 

1. Resistant to DDT and analogues, susceptible to gamma- 
BHC, dieldrin and analogues, developed by field laboratory 
pressure from DDT. 

2, Resistant to gamma-BHC, dieldrin and analogues, suscep- 
tible to DDT and analogues, developed by laboratory pressure 
from gamma-BHC or dieldrin. 

Chlorinated hydrocarbon compounds may not induce a cross- 
resistance to organophosphorus compounds. The DDT-resistant house- 
fly strain was found by Barber and Schmitt to show a normal 
susceptibility to parathion (17) . 

The strong and specific resistance to chlorinated 
hydrocarbon need not involve any cross -tolerance to pyrethrins 
at all as examplified by resistant field strains from England, 
Sardinia, Newyork and California (11) . Multiresistant laboratory 
strains either showed no pyrethrin tolerance or atmost an increase 
in dose which does not exceed twice the normal even in the 
most highly resistant strain. One of the reasons for the slow 
development of resistance to pyrethrum is attributed to the lack 
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of its residual action. In a few experimental cases where 
resistance was induced specifically to pyrethrum showed that 
those insects were resistant to seme of the synthetic insecti- 
cid-cs also (18) - 

2.5 Joint action of insecticides 

The study of the toxic action of compounds involves the 
knowledge of their behaviour when two or more applied jointly. 
In some cases, potency of a mixture may be greater than would 
be expected simply from a knowledge of the potencies of the 
individual compounds. This is of importance in the economic 
utilization of poisions. Cases of reduced potency of a mixture 
by cemparision with that of its constituents may also occur. 

The first systematic study of this -(topic was given by 
i31iss (19) . His concept has been extended by Finney (20) . 

B’innoy distinguished four types of joint actions, i.e, indepen- 
dent, similar, synergistic and antagonistic. 

Independent action : 

The insecticides act independently and have different 
modes of toxic action. The susceptibility of one component may 
or may not be correlated with the susceptibility to the other. 
They may act separately on different physiological systems. 

One constituent may not affect either the amount of the other 
or reaction of the other. 

Similar action ; 

When th'- constituents applied jointly produce a common 
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response as produced individually for example attacking the 
s^ime physiological system, their action is said to be similar. 

In this type., oi action one component can be substituted at a 
constant oroportion for the other. 

Syner gistic action : 

When the,! insecticides applied jointly produce a total 
r -isponr-t:.’ greeter than the sum of their individual effects, the 
action is knov,»n as synergistic and this phenomenon is called 
' Synergism* . A special case of synergism may arrive when a 
substance with no toxicity at the dose employed, increases 
the effect of other toxicant. 

Ant-ggonistic action : 

This is just reverse of synergism. In this the total 
effect of the mixed constituents will be less than the seperate 
.,£t'oct of the most toxic constituent alone. 

2.6 db lnt action o£ Insecticides of plant o rig in mixed with 
insocticider. of other groups. 

While enough work has been done on the effect of 
mix<. :d insecticides on agricultural pests, very little litera- 
ture is available on the insects of public health importance. 

Beroza (21) studied the effect of pyrethrum mixed with 
methylenedioxyphonoxy against house-flies and found that strong 
synergism exhisted, Roberts (22) reported that when pyrethrum 
mixed with piporonyl-butoxide, showed synergistic effect against 
house-flies but the mixture failed to increase the mortality of 
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stablo-fii^.s . In the. f ormul,-:ition of 'Flit' an Esso product/ 
pyr-. thrum has b'-on used as synoriist in combination with DDT 
and BHC, for controlling the mosquitoes and housefiles. 

M .iny compounds like phlthalv-tS/ N-substituted-benzamide 
N -substituted p-bromobenzene sullon.amides and p-toulcno sulfona 
mid--,s ar^- also n-'cemm-r-nded as synergists (3) . MGK 264* is an 
oth^-r synergist commonly used in practice. Mcthylonedioxyphenyl 
comi,)oun<.is comrronly used as pyr^thmm synergist, apacar to be 
g^inerally superior to synergist MGK 264 against housefiles (3) . 

Pyrothrum has been used in combination with several 
insecticides and activators in pest control of agricultural 
significance. Strong (23) reported that thc' addition of 0.5% 
rotononv../ a natural product, vvith 0.225% pyrethrum increased 
th'.. toxicity of pyrethrum considerably against agricultural 
pests, /elso rotonon^ with sulfur proved to be highly toxic to 
Burchus brachi-alis, an agricultural pest, in comparision to 
rotenonc alone, according to the report of Anand (24) . Tests 
conducted at Kansas by Wilber .and Donalds (2 5) showed that 
pyrethimm mixed with piperonyl butoxide applied in recommended 
dosages in approved manner prevented d.Bmage to stored wheat 
and barley. 


* 


Registered trade mark of McLaughtin Gormeley King Company. 




2 Joint action of chlorinated hydrocarbons with compounds 

o£ organophosphorus group 

Two phosphorus compounds/ gusathion and dipterix and 
several chlorinated hydrocarbons were tested singly and in 
combinations against cotton pests by Kamel etal.(26) . They 
concluded that gusathion mixed with DDT proved to the- best 

combination . 

Parencia etal,(27) reported that the mixture of toxaphcney 
DDT and guthion gave better control of boll— weevil, Anthononus 
grendis , than dieldrin and toxphene alone. Eiemer and Carson (28) 
used DDT, ethion-dylox (dimethyl - 2,2,2- trichloro-l-hydroxyethyl 
phosphate) , thiodon, thrithion and disyston alone and in combin- 
ation against lygusbug, Lygus he sperus knight in California. All 
apolications containing thiodon and another containing DDT and. 
dylox wore considerably toxic. 

According to a report from Veliscol Carporation U.S.A. (29)i 
endrin combined with methyl-parathion controlled all the insects 
dianaging stored grains . Methyl-parathion provided quick knock- 
down to complement endrin's lasting action. Lakhe (30) worked on 
the resistant strain of German-cockroaches and found malathion 
mixed with dieldrin to be most effective. 

^ Joint action among chlorinated hydrocarbon insecticides 

Turner (31) used the following combinations of insecti- 
cides against milkweed-bug, Oncopeltus f asciatus . 
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(i) Chlorodane with — DDT, Methoxychlor, perthane and aldrin. 

(ii) Aldrin with — DDT and perthane. 

(iii) Dieidrin with — DDT and perthane. 

(iv) Lindane combined with — DDT, methoxychlor, perthane and 

dieidrin . 

Most of these coabinations showed similar action exacep- 

ting dieidrin with DDT and perthane produced diversing mortality 

curves v/hich might be accepted as due to the interaction. 

Brazzcl and Lindquist (32) studied the action ofMnsec- 

ticides on susceptible and resistant strains of boll-weevil. 

Toxaphone and DDT exhibited synergistic effect on resistant straini 

while only additive effect on susceptible strain. 

2 .9 Joint action of insecticides of carbamate group with 
insecticides of other groups . 

Chapman (33) conducted insecticidal tests against DDT 

resistant pink bollworm at Texas. Carbryl and a mixture of 

ciuthion and DDT gave excellent control of the insect. Georghion (3 

used savin with piperonyl— butoxide against resistant strain of 

house-flies and concluded that carbamate resistance was in part 

due to a compound insensative to the action of piperonyl- 

butoxide . Tahori (35) showed that house-flies, of Israel 

resistant to DDT were susceptible to sevin and pipe ronylbut oxide 


mixture . 
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?. - 10 Miscellaneous cases of synergism with activators . 

Spiller (36) studied the joint action of DDT and 
I'i-N-dibutYl-p-chloro-benzene-sulfonamide and concluded that 
the mixture was much effective than DDT alone against DDT 
resistant house-flies, Hoffman (37) exposed DDT resistant 
house-flies to the mixtures of mathylenedioxyphenyl compounds 
and esters of succinamic and glutamic acids with malathion, 
mcthylpar athion, diazinon and other phosphorus insecticides;. 
Many of these combination showed synergism. 



3- materials, methods and experiments 

Among the various insects of public health importance, 
mosquitoes have been choosen for the present work because of the 
wide variety of diseases transmitted by them. The life cycle of 
mosquito is briefly discussed below. 

3,1 Life cycle of mosquito . 

The general classification of mosquitoes is as follows (38) : 

Order Diptera 

Family Culicidae 

Sub-family Anophelinae 

Genus Anopheles 

Sub-family Culicinae 

Genus Ades, culex etc. 

There are four well defined stages in the life history 
of mosquitoes/ viz., the egg, larva, pupa and adult. The first 
thr>’e stages occur in water and the adult 1b an active flying 
insect feeding on plant juices and blood from worm-blooded- 
animals . 

Although a female mosquito can live on plant juices, it 
requires blood meal before laying the eggs. Blood meal is needed 
after mating. Shallow stagnant water ponds are preferred for lay- 
ing eggs. The eggs are laid in the form of a raft. About 200 to 
300 eggs are laid in a raft by Culex and Ades. Anopheline eggs 
are laid singly. The time required for the hatching of the eggs 
is normally two to three days. 
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Hatching of eg-fs produce the larvae that live in polluted 
v/a',:ers . Larvae subsist on organic matter and bacteria. They have 
to come to the surface for respiration from time to time , The 
larvae period includes four developmental stages or 'instars* 
and at the end of each instar the larva sheds its skin or molt 
by means of which the instar of larva can be easily detected. 

Only after the fourth instar completion pupa appears. This takes 
about 7 to 10 days in total after hatching. The characterstic 
r>osition of larvae in water makes possible to identify them. 

While anopheline larvae lie parallal to the surface, most of the 
other groups hang head down with air vent tube penetrating the 
surface film. 

The mosquito pupa also lives in water. Pupa differs in 
shape and appearance fron larva and does not need any food, but 
r'‘!spirr. through trumpets. This stage losts normally for 24 hours. 
After this the skin is broken and the adult mosquito emerges out. 
The adult mosquito is a small fragile insect with a slender abdo- 

I 

m3.n,one pair of narrow wings and three pairs of long slender 
legs. The total time from laying of egjs to the flying adult is 
from 10 to 12 days. Usually the life of an adult mosquito is 
about 60 days. Peak of culex breeding is in spring. It likes 
moderate temprature and 8C% humidity. 

3 .2 Selection of Insecticides . 

In this investigation the insecticides, DDT, Bndrin 
and Aldrin belong to the chlorinated hydrocarbon group, Thimate 



from organophosphorus group while Pyrethrum is a plant product. 
Piperonyl-butoxide is a synthesized compound used as an activator. 
Chlorinated hydrocarbon insecticides are used widely in India while; 
organophosphorus have been introduced recently. Piperonyl-butoxide 
has been selected due to its synergistic property with certain 
insecticides as pyrethiaim. 

3 .2 .1 Chlorinated hydrocarbon insecticides . 

DDT or pp' -dichlorodiphenyl-trichloroethane has the 
chemical name, 2, 2 bis- (p-chlorophenyl) 1, 1, l~trichloroethane, 
with the st3aactural formula as shown in fig. no. 1. 

DDT has a molecular weight of 345.5. DDT is a white 
crystalline solid . but produced technically:/ as a white amorphous 
powder. It has specific gravity equal to 1.556 at 25°C. DDT is 
almost insoluble in water. DDT is freely soluble in most organic 
solvents . Because af its very low volatility it has an outstand- 
ing insecticidal activity (39) . 

DDT is probably the most widely used insecticide now 
available. It is used for variety of purposes in agriculture, iD' 
the control of insects of public health importance and in 
various household uses. Because of its very wide use DDT is 
more likely to be encountered than any other single insecticide. 

DDT is absorbed from the intestinal tract and if it occ- 
ors in the form of a very fine aerosol or dust it may be taken 
into the alaveoli of the lung from which it is absorbed readily. 
DDT is not, however, absorbed through the skin unless it is in 
solution. Solut ons are absorbed through the skin and, by the same 
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token/ emulsions are absorbed to some extent (4) . 

Eindrin also a chlorinated hydrocarbon has the chemical 
name/ 1,2,3/4/10, lO-hexachloro-6, 7-epoxy-l, 4, 4a, 5, 6,7/8, 8a- 
octahydro— l/4-endo-5,8-dimethanonapthalene (39) . Its structural 
formula is shown in fig. no. 1. 

Endrin is available as dusts, granules water weltable 
powders, and emulsifiable concentrates. Endrin is used for 
controlling insects of agriculture and public health importance. 

It is absorbed readily through skin as well as through respiratory 
and gastrointestinal systems. Like many other chlorinated hydro— 
car'bons acts as a stimulant to the central nerve system (4,7) 

Aldrin, an other chlorinated hydrocarbon has the chemical 
name, l, 2,3,4,10,l0-hexchloro-l,4,4a, 5,8,8a-hexahydro-l,4, 5,8- 
dimethanonaphthalene . Its structural formula is shown in fig. 
no. 1 (38) . 

Aldrin is a white crystalline solid. It is very soluble 
in organic solvents and is soluble in water also. It is stable 
in the presence of most insecticides. It's used in pest control 
or agricultural importance. Its insecticidal action is similar 
to other insecticides of this group. 

3.2,2 Organophosphorus insecticide . 

Thimate is from organophospho3aas group . Its chemical nam€ 
is O/O-Diethyl S-(ethyl thiomethyl) -phosphorodithioate . Its stru- 
ctural formula is shown in fig. No. 1. 

Technical thimate is a clear liquid with low water 
solubility. It is , highly soluble in xylene, oils, alcohols. 
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ethers etc.. It is available in grannular form also. Thimate is 
poisionus by skin contact, inhalation or swallowing. It is highly 
toxic to agricultural pests (40) . 

3.2.3 Natural insecticide . 

Pyrethrum is obtained fran pyrethrum flowers. It contai^is 
pyrcthrin I and pyrethrin II. The structural formula is shown 
in fig. no. 2. 

Pyrethrum is available commercially in powder or dust 
form, in a variety of solvent extracts. Pyrethrum alone or 
combined with synergists is used extensively against r*. wide 
variety of insects. It may be absorbed from the gastrointistinal 
tract and by the respiratory route. It's not obsorbed to a 
significant degree through the skin (4,39,41) . 

3.2.4 Synthetic activator . 

Piperonyl butoxide is a synthesized compound having 
chemical name, (3 ,4-methylenedioxy-6-propyl benzyl) (butyl) 
diethylene-glycolether . Its structural formula is shown in 
fig. no. 2. 

Piperonyl butoxide in the technical grade, is nearly 
odorless, paleyellow, oily liquid, having specific gravity of 
about 1.06,. It is soluble in all dilutions of mineral oils. 

It is mostly used as an activator with pyrethrum against mosqui- 
toes and houseflies (7) , 

3 .3 Selectiop of solvents . 

The aqueous solubility of the insecticide is important 
as the lairvae are acquatic. Since the aqueous solubility of these 
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compounds is less# another solvent namely ethanol was used. A 
limitation of solvent itself in this type of study is the toxi- 
city of the solvent itself to the insect. However a control with 
solvent was used in all experiments to eliminate any error. 

3 Experiments . 

Larvae were collected from the ponds of near-by village. 

The larvae choosen were in their late third instar or earlier fourth 
instar. Any larva showing abnormalities was discarded. Twenty lain/- : 
ae were isolated by means of small strainer into the beakers 
containing 24 ml. of water. 

The required number of 500 ml. beakers were filled with 
225 ml. of water. The test concentrations were prepared by pipett- 
ing one mil of the appropriate standard insecticidal solution 
under the surface of the water in each of the beakers and then 
mixed by stirring. After 15 minutes of mixing the test concen- 
trations the mosejuito larvae were transferred from the ^ ' 
small beakers with 24 ml. of water, thus bringing the total 
volume in each beaker to 250 ml. The maximum deapth of water 
was more than 2.5 cms. and less than 7.5 cms. which is optimum 
for larvae (2) . 

In case of the mixture of two or more insecticides, 
the solutions of same strength of different insecticides were 
prepared and mixed to give the required proportion on volumetric 
basis. From the mixture thus obtained, test concentrations were 
prepared. A control with each set was also kept. 



The mortality counts were made after 24 hours of 


exposure time to the insecticide;. . When ever 10% or more larvae 
pupated out in the course of experiment in arty beaker the test 
was discarded. The test was repeated when ever the control mort- 
ality was 2C% or more. When the control mortality was less than 
20 % a correction has been applied in the data analysis. 

The insecticides were used jointly in the following 
proportions . 



DDT 

DDT DDT 


Endrin 

1:1 

1:9 1:19 


Aldrin 

1 : 1 

1:4 1: 9 


Thimate 

1:1 

1:9 1:19 


Pyrethrum 

1:1 

1»9 1:19 


Piperonyl butoxide 

1:1 

2:1; 



Endrin 

Endrin Endrin 

Aldrin 

1:1 

2:1 


Thimate 

1:1 

2:1 

1:2 

Pyrethrum 

1:1 

2: 1 

1:2 

Piperonyl butoxide 

1:1 

2:1 

4:1 


Aldrin 

Aldrin 

Aldrin 

Thimate 

1:1 

1:2 


Pyrethrum 

1:1 

1:2 


Piperonyl butoxide 

1:1 

2:1 

4:1 
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Thimate Thimate Thimate 

Pyrethrum 1:1 2:1 1:2 

Piperonyl butoxide 1:1 2:1 4:1 

Pyrethrum Pyrethrum Pyrethrum 
Piperonyl butoxide 1:1 ,2:1 4:1 

Mortality counts were taken after 24 hours. The insects 
■were grouped into the following categories for recording the 
mortalities . 

1. Normal: Those in which no sign of mortality could be noticed. 

2. - Slightly affected: Those in which the effect was noticable 

but which could move about or made some progress while knock- 
ing the beaker. 

3. Badly affected: Those v/hich could not leave the place ^ showed 
vigour when beaker was knocked. 

4. Dead: Those which showed no sign of life. Badly affected 
were counted .among the deads for the calculation of mortality 
percentage . 

3.6 Statistical analysis. 

The statistical treatment of quantal assay data has beer 
much aided by the development of probit analysis. This method 
has been widely adopted on the standard method of reducing the 
data to simple terms. The probit transformation is a convenient 
way for representing the sigmoid by a straight line. 

The probit of the proportion 'P' is defined as the 
abscissa which corresponds to a probability 'p' in a normal 



distribution v;ith mean 5 and variance 1; in symbols the 
probit of P is Y, vjhere (42) , 


P = 


I 

/ - ct 


e ■' u du 


( 1 ) 


V (2TT ) 

when a simple normalizing transfoirmation for the doses is 
available, so that x, the normalizing measure of dosage, 
has a normally distributed tolerance, the expected propor- 
tion of insects killed by dose xq is. 


xo 


1 (x - /u)^ 
2 cr-^ 


(2) 


V(2Tt) 

'-cO 

where u ando-are the mean and variance of x. 

Transforming the above equation, 

X -/J. 


Let 


z 

dx 


<r 

= dz 

,Xq- /a 


' - oo 


z 

2 dz 


(3) 


comnarision of equations 1 and 3, show that the probit of 
the expected proportion killed is related to the dose by 
the linear ecjuation. 


Y = 5 + ± (x -/u) 

<j~ 


(4) 


Provisional regression line: From the proportions killed. 



the corresponding values of probits are obtained fron the 
tables (43) . These are known '.as the emperical probits. Then 
emperical probits and log of concentrations are plotted on 
ordinate and abscissa respectively. The line^ best fitting 
through these points is called the regression line, and the 
corrosping probits for the same concentrations are the 
expected probits. Fig. no. 3 to 24 show these provisional 
regression lines. 

working probits: Provisional regression line drawn using the 
emperical probits is used to determine the weights 'w' to be 
attached to each observation and thus the weighted probits 
obtained are the working probits. The weighted regression 
eejuation of probit moctality on dosage is then computed. 

This is simply an improvement over first approximation. 


w = weighting coefficient 


Z 


1 CY-5)^ 

\/2TT 


2 

Z 

PQ 


... (5) 

... ( 6 ) 


where Z is the ordinate to the normal distribution corrospon- 
ding to probability P, and Q = (l-P) . 

The tables for working probits have been prepared and 
values can be obtained once we know expected probits . 

Adjustment for natural mortality: If in a toxicity test a 
proportion 'C of test subjects would die even without any 
poision the total death rate expected from a dose sufficient 
to kill a proportion P of those which would otherwise survive is, 
i..: 
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P' = C + P (1-C) (7) 

providing that two types of mortality operate independently. 
From the equation it follows that if the total proportion dead 
is P', the proportion killed by poision alone is 


P = (P'-C)/(l-C) (8) 

This is commonly known on 'Abbotts Formula' . When C is knovh exactly, 
■but this is not the only alteration required in probit analysis, 
xn the wei;^hting co-efficient w, p' is involved, therefore it 
has to be modified as. 


z 


(P4.-C ) 

1-C 


(9) 


Tables are available for the weighting coefficient taking 
into consideration the natural mortality C 43) . 

Heterogenity test: y? test for the data is applied to test 
whether the observations are homogenous or hetrogenous. The 
chi-scjuare value is calculated and then it is compared with 
value obtained from the standard tables for the degrees of 
freedom erqjal to the number of observations minus two, and a 
selected level of significance. If the calculated value is 
less than the table value then the data is homogenous otherwise 
hetrogenous . 

7;^ = Syy - S|y/S^j^ ... ... (10) 

where. 
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(13) 

Here 

3 

denotes 

summition. 





n = number of test insects 

w = weighting co-efficient 

X = log concentration 

Y = v/orking probit. 

Final r- .’gross ion ecjuntion: For the homogenous data the regress- 
ion equation can be obtained aS/ 

Y = y + b(x-X) 
whei?© 

y = Sy/N 

N = No. of observations 
X = Sy-A'i 

b = regression co-officient = 

Lethal concentration for 50/o mortality (LC^q) : To get the 
concentration for 50% mortality from the regression equation^ 
put y = 5 , the probit value for 5 C% kill, 

5 =y+b(x-x) 

5 - Y 

X = X + — ; — ^ 

b 

Here X gives th’.' log value of LC 50 concentration. 
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l^idicicil limiLs: vlnen a parameter such as the 5C% lethal concen- 
tration har been estimated from the ej^perimental data it is nat— 
ura.l t.' infer, -.^iahin limits, its true value. The range within 
which this value lies is called fudicial limits. The exact 
tudicial limits to the dose giving a kill whose prebit 

is egu'-l to 5, a.ra shown to be. 


^nw ^xx 

■•;horo, j = t^/b^x S 

' t’ is the value from 't' distribution for selected level of 
siqni ticanc’’; . But when 't' is small compared with unity the 
fudicial limits can be taken as anti log of, 
i t «S .E . 

•whore, S.E. = stand.! rd error ^y'VTXso) 

y(.'AcJ " 1- i i- 

^ l_ ^nw ^xx __J 

v/hcro, V(X 5 q) is the variance for 

Joint-toxicity-coefficient: The joint -toxicity coefficient 
of the mixture is ascertained accooniing to the statistical pro- 
cedure.! r--; 1 -csted by Sun and Johnson (44) . The procedure essen- 
tially consists of the following steps. 

To test the nature of the joint action of insecticides ■ 

A & B, LCr-^'s of individual insecticide and their mixtures are 
50 

obtained. The toxicity indices are calculated from these LC^q’s 
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against A( or B) as standard. 

(1) ' Toxicity index of standard insecticide A = 100 

LCcq of ^ 

(2) Toxicity index of insecticide B = x lOO 

LC50 of B 

LC 50 of A 

( 3 ) Actual toxicity index of mixture M = ^ 100 

LC^q of M 


(4) 


(5) 


Theortical toxicity index of mixture M 

= Toxicity index of A x % of A in mixture + '3Ja2£ii- 
city index of B x % of B in mixture. 

Joint toxicity-coefficient of mixture 


Actual Toxicity Index of M 

Theortical toxicity index of M 


X 100 


The results thus obtained are to be interpreted as^ 

"A joint toxicity co-efficient of mixture around 100 indicates 
probability of smilar action; independent action usually should 
givi.' a coefficient less than 100 but the actual toxicity index 
of the mixture should be higher than the toxicity index of 
cdther component. Coefficient significantly higher than 100 
indicates synergism while the value less than 100 and 
simultaneously the actual toxicity does not exceed by the 
toxicity index of the strongest toxicant, indicates anta- 
gonism" ■ 
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4. RESULTS AND DISCUSSION 


The toxicity of any }5iologically active chemical is 
normally expressed in terms of median lethal concentration i.e. 
LC 50 * This concentration gives 50% mortality of test insects 
at a constant contact time. LC 50 provides knowledge for compar- 
ision of relative toxicities of various insecticides. This value 
can also be used for evaluating the most effective combination 
of tv' 7 o or more insecticides when used jointly. 

4 . 1 Relative toxicity of insecticides 

The relative toxicity of various individual insecticides 
and joint toxicities of the combinations of two or more insecti- 
cides for the effective control of culex mosquito larvae will be 
discussed in the following pages . The values for Chi-square are 
calculated and compared with the table values for 5 % level of 
significance and respective degrees of freedom. As all the cal- 
culated Chi-square values are less than table value the 'data is 
homogeneous C 42) . 

In this work the median lethal concentration of DDT is 
choosen as unity and the relative toxicities of other insectici- 
des have been calculated, and shown in table no. 1. DDT is the 
most popular insecticide in India and its toxicity is lowest of 
all the insecticides used, this is why it has ;■ been choosen as 
a .standard for comparing the toxicities of other insecticides. 
Values of relative toxicities indicate that pyrethrum is the 
Tiost toxic compound followed by thimate, endrin, aldrin and 
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DDT . Piperonyl butoxide is an activator and not to beottredted as 
an insecticide, however its relative toxicity compared to 
DDT is determined to obtaine information regarding its indivi- 
dual action. 

Pyrethrum, a plant derivative attacks nervous system r* 
resulting in quick knock down of the insect. There are many 
reports in literature (3,11) revealing the fact that pyrethmm 
has been used as an effective insecticide even against DDT 
resistant strains. Pyrethrum has been used as a synergist also 
in certain cases (3,11,21,22,23). 

Thimate is an organophosphorus insecticide next to 
pyrethrum in toxicity to culex larvae. This is 30 times more 
toxic than DDT. Even though specific action of thimate is not 
elucidated, organophosphorus compound in general are supposed 
to be acting upon nervous system of insects inactivating 
certain enzymes like acetyl -cholinesterase (41) . 

Among the chlorinated hydrocarbon insecticides used 
against mosquito larvae, endrin is most toxic followed by 
aldrin and DDT. It is an interesting observation that the only 
difference between endrin and aldrin having an oxygen replacing 
a double bond and the toxicity increasing two folds. 

The larvae used for experimentation were collected from 
a village near campus and as the DDT spraying is being done 
regularly in the campus, the mosquitoes might have developed 
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resistance to DDT. In fact comparision of the median lethal 
concentration determined in 1967-68 (lo) for the mosquito 
larvae from the campus, with the present value of LC 50 / 
showed that a higher dose was required which is almost six 
times of the previous one. This indicates that a kind of 
resistance is being exhibited by these larvae of the campus. 

In such a case the. new insecticides would definitely give 
much promising results. However only future work with special 
reference to the development of resistance can give definite 
data about this aspect , 

4 . 2 Action of insecticides in combination 

The probit analysis data of moratality of larvae for 
various combinations is shown in table no. 2 while table no. 3 
and 4 shov; the joint toxicity coefficients for these combinations. 
As mentioned in the literature review ( 19,20), there can be four 
kinds of actions possible from the insecticides in combinations. 
Action of each of the ingradient in the mixture may be similar 
or the action of each may be different, they may be antagonistic 
or synergistic to each other. The type of action can be determined 
by an observation of the values of joint toxicity coefficients (44) 
If the value is around 100, the action is said to be similar. 

If it is less than 100 but if the value of actual toxicity is 
more than the toxicity index of the most potential compound in 
the mixture then the action is said to be independent. If the 
value is more than 100 the action is synergistic while a value 
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less than 100 and if the value of actual toxicity of the mixture 
is significantly less than the toxicity index of the most poten- 
tial ingradient, then it is an antagonistic action. 

4 . 2 1 Combi n ations exhibiting similarity in action 

Based on the above criteria the mixtures of DDT-endrin, 
DDT-aldrin, endrin-aldrin in different proportions seem to 
exhibit similar action. It seems reasonable too as all these 
insecticides belong to a common group i.e. chlorinated hydro- 
carbon and may be acting in a similar manner. Although it is 
not very vrell known about the mode of action of some of these 
insecticides, most of the insecticides from this group are known 
to act on "Sensory nerves of spontaneous discharges". The intensity 
of action is sufficient to cause voilent tremors (41) . The tremors 
may last long for hours, during which period acetylcholine accum- 
ulated at the synapses inhibiting the action of esterase, that 
hydrolyzes acetylcholine as it forms. It was suggested that 
these insecticides kill the insect, exhausting its metabolic 
reserves through the energy expended by the tremors caused by 
the insecticide (4,7,41) . 

The action of two other combinations, namely, pyrethrum— 
thimate and pyrethrum-aldrin showed that the action of the 
components is similar. Thimate and aldrin belong to two different 
chemical groups ivhile pyrethrum is a natural mixture of compounds. 
It is interesting to note that pyrethrum shows similar action with 
both thimate as well as aldrin. It is known that pyrethrum. produces 
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paralysis in insects (41.) by attacking nervous system as a whole 
while other insecticides act on nervous system in different ways, 
like acting on the sensory nerves or inhibiting cholinergic nerve 
transmissions. Pyrethrum seems to have similarity in action beca- 
use of its wide ef festivity on nervous system. 

4.2.2 Combinations exhibiting ind ependent action 

Combination of organicphosphorus insecticide with chlori- 
nated hydrocarbons indicated that the compounds are behaving inde- 
pendently. In all the three cases of thimate-DDT, thimate-aldrin 
and thimate— endrin the value of co-toxicity coefficient of the 
mixtures is below 100 and at the same time actual toxicity index 
of mixture is more than the toxicity index of most potential 
insecticide in the combination. Since the physiological effects 
produced by the different groups of compounds, independent action 
may be ej<pected out of the mixture which is confirmed by these 
results. Evidently there may not be much of an advantage, mixing 
an organophosphorus compound with chlorinated hydrocarbon. 

Piperonyl butoxide mixed with DDT also indicated values 
bordering on independent action. It can not be truely said that 
it is an independent action because thej values of actual toxicity 
index of the mixture to the toxicity index of DDT are not signi- 
ficantly high enough to call it an independent action. 

4.2.3 Combinations exhibiting antagonistic action 

The values of co-efficients of toxicities of the mixture, 
aldrin-piperonyl butoxide and endrin-piperonyl butoxide definitely 
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less than 100 and the actual toxicity of the mixtures is less 
than toxicity index value of the most potent insecticide in the 
mixture. In these ca.ses, even though the difference in toxicity 
indices and actual toxicity of respective mexture is not highly 
significant, an indication is given of the antagonistic action 
exhibited by them. The mode of action of piperonyl butoxide is 
not very clear (7) . In certain cases piperonyl -but oxide showed 
synerjistic action with an insecticide towards certain resistant 
strains v;hile with the same insecticide it has shown against 
sensitive strain to the same insecticide, an antagonistic actionO, 
11) . So it is hard to conclude that piperonyl -but oxide is vj 
showing antagonistic action or independent action with sepcial 
reference to chlorinated hydrocarbon. Perhaps future work with 
more numbers of chlorinated hydrocarbon will eluciadet the role 
of piperonyl -butoxide . 

4.2.4 Combination exhibiting synergistic action 

The combination of pyrethrum with endrin and DDT showed 
slight synergistic action. Peculiarly pyrethrum did not show 
synergistic action with aldrin though it is also a chlorinated 
hydrocarbon. Thimate also did not show any synergistic effect 
with pyrethrum although piperonyl butoxide has shown synergism 
with thimate. Pipeironyl butoxide is known to be synergistic 
with malathion to DDT resistant strain and antagonistic at the 
same time in same combination to DDT sasceptible insect (3) . 




59 


The mechanism of synergism is not understood till now. 

Infact some workers call it activation instead of synergism. 
Even the mode of expression of synergistic activity is 
completly not accepted by all vrorkers but the present 
method of analysis adopted, has been widely accepted in 
field of insecticidal research. The best synergistic action 
is shown by the combination of pyrethrum and piperonyl- 
butoxide which is almost three times as high as the best 
synergistic combination discussed uptill now. Perhaps this 
is understandable because of the wide spectrum of actions 
of pyrethrum on various types of physiological systems of 
the insect, the attack on some of which may be activated 
by piperonyl butoxide (41) . These interesting results prom- 
oted experiments using more than two insecticides, the inse- 
cticides that have shown some promise and tested for their 
joint action. These results are presented in table no. 4. 

4.2.5 Combination of more than two insecticides 

These experiments with more than two insecticides wero 
of preliminary nature and require further experimentation to 
give basic conclusions- However some broad conclusions can 
be drawn from these results. 

True to expectation the mixture containing aldrin 
gave the lowest co-efficient of toxicity. The best combina- 
tion is that of endrin-pyrethrum-piperonyl butoxide . However 
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the mixture containing compounds DDT^. endrin, pyrethrum 
and piperonyl butoxide has also yielded the same degree 
of synergism as the above. The percentage wise cbrabination 
of few ingradicnts has less quantity of pyrethrum, a costly 
product, yielding the same result. Unfoirtunately a cost 
analysis could not be made because lack of information on 
pure components. It seems that use of proper combination 
of insecticides vjould be a best method for not only produc- 
incf- an effective insecticidal product but also reducing 
the final cost of the propration. An other advantage in 
the use of com.bi nations will be that with a lower concentra- 
tion of individual, insects that may be resistant to one 
of tho components may be knocked off. Any approach in this 
line has to bo carefully inv«.;stigatod because of the danger 
of multiresistont strain. 
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From the ;>r..senti.d in the previous 

ch th‘. “-*^1 levin • conclusions may bo drawn, 

1. Th'i.. :?tudiwS on relative toxicities of. the five 
ins». ctici'i, .* rhov.-Jd that thu toxicity against the larvae 
of Culox - f atigans is higher for pyrethrum, a plant product 
fel’o'.e'd by thlnat:-;/ an organophosphomis compound, endrin, 
aldrin and DDT„ the chlorinated hydrocarbons . 

2. The most effective combinations of two insecticides 
could be arranged in the- following decreasing order of tox- 
icity showing synergism. 

(i) Pyrethrum-piperonyl butoxide in the proportion/ 

1:4, 1:2 and 1:1. 

(ii) Endrin-py re thrum in the proportion, 1:2, 2:1 and 1:1, 

(iii) Thimate-pj.pcronyl butoxide in the proportion, 

1:2, 1:4, and 1:1. 

(iv) DDT -pyrethrum in the proportion 1:1, 9:1 and 19:1. 

3. The combinations showing similar action are, 
DDT-endrin, DDT-aldrin, endrin-thimate, thimate-pyrethruri. 
and aldrin-pyrothrum. As in similar action, one insecticide- 
can be replaced at a constant proportion for the other, 
their mixing may not be useful -unless required for a 
specific purpose. 

4. Combinations which exhibited independent action 
are, DDT-tnimate, DDT -pipe ronyl butoxide, endrin-thimate 
and thimatc-aldrin . Their canbinations may not prove to 
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b. rcononicil as th-.. mort.ility obtained is not even 
VI il to the surr’ of the two acting individually having 
th-,- s c^ro^:nt ration as in the mixture, unless any 
, /<.,.cific purpose is to be achieved. 

5. Antagonistic action in the insecticide is always 
to b.„ ivoickd and so the mixing of the following compounds 
should not be done as they showed antagonism. The insec- • 

ticides are endrin-piperonyl butoxide and aldrin-piperonyl 
blit oxide. 

6. All the multiple combinations of insecticides 
showed high synergism against larvae. Piperonyl butoxide 
mixed with pyrethrum which are common compounds in each 
combination in 1:2 proporation, may be responsible for 
hi jh synergism. Such combinations may be preferred for 
their vivid actions and may prove to be economical also. 
The best combination is, endrin-DDT -pyre thrum and 
piperonyl butoxide followed by endrin— pyrethrum and 
}:>iperonyl butoxide, thimate-pyre thrum-pipe ronyl butoxide 
DDT-pyrethrum-pipcronyl butoxide and aldrin-pyrethrum- 
piperonyl butoxide. 
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